The respiratory rates/minute of 97 children were monitored every 10-15 minutes over one hour, by an observer and by pneumogram, at which times two 30 second and one 60 second counts were obtained. Criteria for diagnosis of a lower respiratory infection include a respiratory rate of 60 or greater in infants under 2 months of age, 50 or greater in infants age 2 to 11 months, and 40 or greater in children 12 months and older. The presence of indrawing in a child without wheezing is an indication of severe disease requiring hospitalisation. The accuracy of diagnosis relies on the ability to obtain an accurate respiratory rate/minute and to recognise the presence or absence of lower chest wall indrawing. As this latter sign is fairly constant from patient to patient and its recognition can be taught easily (E A F Simoes, E McGrath, unpublished observation), obtaining an accurate respiratory rate count is the most important variable in the programme. As the respiratory rate depends on a single count, the natural variability in the rate may affect the classification of disease.
Abstract
The respiratory rates/minute of 97 children were monitored every 10-15 minutes over one hour, by an observer and by pneumogram, at which times two 30 second and one 60 second counts were obtained. The children were under 5 years of age with lower respiratory tract infections (n=20), upper respiratory tract infections (n=34), or controls without acute respiratory infection (n=43). The difference between respiratory rate count determined simultaneously by observation and pneumogram in relation to their mean count was analysed for the 60 second counting period, 30 plus 30 second period, and the 30 second period doubled. The mean difference for the 60 second period was 1-79, for the 30 plus 30 second period 1-42, and for the 30 second period doubled 1-72. The variability between respiratory rate counts determined by observation and pneumogram was significantly lower in counts obtained when the subject was sleeping and higher when agitated compared with obtaining a count when the subject was awake and calm or feeding. The variability was also significantly lower in subjects with lower respiratory tract infections compared with those with upper respiratory tract infections and control subjects without respiratory symptoms. In the same patient, over the one hour, 50% of the 60 second counts varied by up to 14 breaths/minute and 75% by up After enrolment into the study, standard paediatric silver/silver chloride electrodes were placed on the subject's mid-axillae at the costal margins and leads from an Aequitron 2916 respiratory/heart rate monitor were attached. The monitor was linked to a General Scanning RS2-5P strip chart recorder which produced real time traces of chest wall excursions on Aequitron 8285-12 1 mm graduated strip paper.
The monitor and trace were switched on once the child had become quiet after any disturbance produced by application of the electrodes. A strip chart running rate of 1 mm/second was used during periods when the observer was not counting the respiratory rate. Synchronous with the human observer beginning his respiratory rate count, the strip chart running rate was switched to 5 mm/second. This produced a trace pattern that very clearly delineated the beginning and end of the observer counting interval and allowed accurate counting on the strip. When movement artefact altered baseline recording, peaks and troughs of the respiratory excursion usually remained discernible. However, when movement artefact prevented accurate interpretation, the pneumogram was considered non-evaluable.
The observer counted the respiratory rate for 30 seconds, waited for a period of approximately one minute and repeated the above procedure counting instead for 60 seconds. After waiting again for one minute, another count of 30 seconds was made. The respiratory rate and state of the child (awake and calm, feeding, sleeping, and agitated), were recorded on a flow sheet. Mild agitation was defined as motion non-disruptive to counting; severe agitation disrupted counting and was considered a reason for failure. In addition, during each counting interval the observer recorded any counting attempts that failed and the reason for the failure (that is, crying, coughing, yawning, apnoea, deep sighs, severe agitation, feeding movements, and distraction or losing track of the time by the observer).
After obtaining this set of 30 second/60 second/30 second counts, the observer waited for 12-15 minutes before repeating the set of counts described above. These sets of counts were obtained five times for each subject evaluated. The counts on the strip chart were read by a blinded observer at the end of the study after all patients were enrolled.
The respiratory rate measurements are presented as the mean difference between the respiratory rate determined by observation and pneumogram and the SD of the difference. The agreement between the respiratory rate counts obtained by observation was compared with those obtained from an electronic pneumogram using the graphical technique of Bland and Altman.' In addition, the resulting variances (SD2) of the difference between rates from the two methods were compared between time intervals as well as between age groups, diagnoses, and child states with Bartlett's test for homogeneity of variance. Where a significant difference was found, pairwise comparisons, by means of an F test for equality of variance, were carried out and reported.
The data for the counting failures are reported as the percentage of failures out of the total observations. These percentages were compared using the normal approximation to the test for equality of binomial proportions.
Results

PATIENT POPULATION
There were 97 patients studied, approximately equally distributed over the three age groups: less than 2 months (n=27), 2-11 months (n= 37), and 12-48 months (n=33). The median age of children studied was 6 months and the mean age 10 months. Fifty one of these children were boys. Of the 97 children studied, 20 The study found a range of variability of respiratory rate counts obtained over one hour of observation from 10-8 to 19 9. However, our study was not designed to determine the impact of this variability on the usefulness of respiratory rate thresholds to identify pneumonia in subjects with and without respiratory symptoms. The possibility that subjects with pneumonia are more likely to maintain a raised respiratory rate over the WHO threshold compared with other subjects is suggested by the results in table 3. This deserves further study with a larger sample size.
An important factor in determining the optimum method ofcounting the respiratory rate in children is the number of attempts that must be made before an acceptable count can be obtained. Overall, about 10% of all attempts to obtain a satisfactory respiratory count resulted in a failure. There was no significant difference found in the number of failures that occurred when different counting methods were used. However, there was a significantly higher number of failures in children under 2 months of age and in children who were agitated compared with those who were calm, asleep, or were feeding.
In conclusion, the data from this study suggests that one minute's counting either at a stretch or in two blocks of 30 second intervals is probably the optimum method for counting the respiratory rate, when the child is either awake and calm or when asleep. The respiratory rate taken when the child is in a state of agitation is the least accurate, the most variable, and has the largest number of failures. Consideration should be given to advising that the respiratory rate should not be taken in this state. 
